Abstract Early esophageal cancer is confined to the mucosa or submucosa of the esophagus. While most esophageal cancer is detected at an advanced stage (requiring surgical resection, chemotherapy, and radiation), early-stage mucosal lesions may be detected through Barrett's surveillance programs or incidentally on diagnostic upper endoscopies performed for other reasons. These early-stage cancers are often amenable to endoscopic therapies, including mucosal resection, ablation, and cryotherapy. Studies suggest equivalent survival rates and reduced morbidity but higher recurrence rates with endoscopic removal of early-stage cancers compared to surgical resection. There is emerging data regarding the efficacy and longterm outcomes of endoscopic therapy for early esophageal cancer that is promising, and further research is needed to better define the role of endoscopic therapy in the management of early esophageal cancer.
Introduction
Esophageal cancer is the 18th leading cause of cancer in the USA. While it is less common than other cancers, it carries a worse prognosis, resulting in death in a larger proportion of patients compared to many other cancers. The estimated prevalence in 2014 by the Surveillance, Epidemiology, and End Results (SEER) Cancer Database is that 18,170 people will be diagnosed, with an estimated 15,450 deaths [1] . Unfortunately, the majority of esophageal cancers are diagnosed when symptoms develop and are therefore usually at least locally advanced at the time of diagnosis. As a result, treatment is challenging and the disease generally carries a poor prognosis. It is imperative, therefore, to identify patients with early esophageal cancer and implement aggressive treatment plans. Early-stage cancers may be diagnosed through Barrett's esophagus surveillance programs or found incidentally during diagnostic endoscopies performed for other reasons. The development of techniques including chromoendoscopy, narrow-band imaging, magnification endoscopy, confocal microscopy, and spectroscopy has further increased the sensitivity of endoscopic detection of early-stage carcinoma [2••] . Endoscopic therapy can be curative for patients with early mucosal cancers.
Endoscopic Staging of Early Esophageal Cancer
Early-stage esophageal cancer refers to lesions confined to the mucosa (lamina propria and muscularis mucosa), as opposed to lesions that invade through the submucosa into the muscularis propria. Stage T1a malignancies are confined to the mucosa, with associated subcategorization: M1 (intraepithelial), M2 (lamina propria), or M3 (muscularis mucosa). These mucosal lesions have a very low risk of local lymph node invasion compared to submucosal (T1b) lesions [3] . Evidence of lymphovascular invasion or poor differentiation generally portends a high risk for metastasis. Distinguishing the level of invasion is a key factor in determining the success of curative endoscopic interventions.
Accurate staging of the mucosa with endoscopic ultrasound (EUS) and lymph node fine-needle aspiration is therefore imperative to determine the appropriate treatment strategy. EUS was found to be accurate for staging T1a and T1b tumors in a large meta-analysis [4] , with an area under the receiver operating characteristic curve of 0.93 to 0.96, resulting in a sensitivity of 85 % and specificity of 87 % for the diagnosis of T1a tumors (sensitivity and specificity both 86 % for T1b tumors). EUS, computed tomography (CT), and FDGpositron emission tomography (FDG-PET) can be used to assess for lymph node involvement. The sensitivity and specificity for detecting celiac lymph node metastases with EUS are 85 % (95 % CI 72-99 %) and 96 % (95 % CI 92-100 %), respectively [5] , compared to that of the sensitivity and specificity for regional lymph node detection for CT (50 and 83 %, respectively) and FDG-PET scan (57 and 85 %, respectively). CT and FDG-PET scans are generally used to evaluate for distant metastatic disease.
Endoscopes operating at frequencies of 7.5 and 12 MHz can visualize the five layers of the esophageal wall to determine level of tumor infiltration: superficial mucosa (hyperechoic), deep mucosa (hypoechoic), submucosa (hyperechoic), muscularis propria (hypoechoic), and adventitia (hyperechoic). High frequency mini-probes operating at 20 MHz allow for further differentiation of the lamina propria (between the superficial mucosa and muscularis mucosa) and the inner circular and outer longitudinal muscles of the muscularis propria. These catheters have accuracy as high as 84 % [6] and improve the accuracy of staging T1 lesions with EUS to 92 % [7] . Surgical therapy is often recommended if tumor invasion into the muscularis propria or lymph node invasion is seen. Endoscopic resection can be considered for mucosal disease. Depth of invasion can also be further defined by pathological examination of the resected specimen to determine if endoscopic resection alone is sufficient or if surgery is needed.
Curative Endoscopic Therapies for Early Esophageal Cancer
Curative endoscopic therapies for early-stage esophageal cancer include methods of mucosal resection or ablation. Resection encompasses endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD). Both of these allow for the removal and pathological analysis of a targeted piece of tissue, which also aids accurate staging. Lesions larger than 2 cm usually require ESD, since they would otherwise require piecemeal resection (which increases the chance of complication and incomplete resection at the margins) and a higher level of endoscopic expertise.
Current Techniques for Endoscopic Resection
EMR is the primary method of resection for T1a lesions and nodular Barrett's esophagus [8] [9] [10] [11] . The most commonly used methods of endoscopic mucosal resection are snare resection and cap-assisted endoscopic resection. The lesion is usually first injected with saline or diluted epinephrine to allow for submucosal lifting. A snare can then be used to capture the tissue with a rim of normal mucosa and resected with electrocoagulation. In cap-assisted resection, a transparent cap with a resection snare is attached to the endoscope. Suction is applied over the injected lesion, allowing for the lifted submucosa to be sucked into the cap. The tissue is then captured in the snare and removed by electrocoagulation (Fig. 1) . The large 18-mm flexible cap can allow for en bloc resection of lesions less than 2 cm in size. There are also variant band ligation devices that allow for the lesion to be sucked into the ligation cap and captured with a rubber band to create a pseudopolyp. This causes the esophageal muscle layer to retract, and therefore, submucosal lifting is not required prior to banding. The endoscope is removed from the patient, the ligation device is removed, and the endoscope is then reinserted into the esophagus to remove the polyp with a standard polypectomy snare. There are no significant differences in size of lesion resected or rate of complications between these methods. Overall, EMR is relatively safe, fast, and has low rates of complications.
ESD has recently emerged as a prominent technique for resection in Europe and Japan but is not yet widely performed in the USA. It is a variant of EMR in which a specialized endoscopic knife is used to dissect targeted areas en bloc from the submucosa. The margins of the lesion are marked by electrocautery, and the submucosa is lifted with injection of saline or epinephrine. A circumferential incision around the lesion is made with a specialized electrocautery knife [12] . Further dissection from the deep layers is completed with the knife for complete resection. Various cutting devices have been developed, such as the needle knife (small contact area with high cutting power), the hook knife (right angle bed of the needle tip that can pull dissected tissue), the flex knife (soft cutting tip to prevent perforations), the insulated [13] tip knife (ceramic ball on top of needle knife to prevent perforation), the flush knife (allows washout of blood for visualization), and the triangle tip knife (can be used for any step of the procedure). Esophageal ESD is more challenging compared to gastric ESD because the esophagus is smaller in diameter and there is more movement from the adjacent heartbeat. In addition, the esophageal wall is thinner, which increases the risk of perforation of the muscularis propria and potentially lifethreatening mediastinitis. The addition of a transparent hood can improve visualization by pushing tissues away from the endoscope. There have not been any studies evaluating the regeneration of mucosa after endoscopic resection, but the wounds generally heal in 3 to 6 weeks depending on the size of resection, and patients should be prescribed adequate acid suppression therapy post-resection to allow healing and reduce local scarring.
Future Techniques for Endoscopic Resection
New methods of endoscopic resection continue to be explored. Studies from Japan have described the use of needleknives for ESD en bloc resection of large lesions after prolonged submucosal lifting with injection of viscous substances such as hyaluronidate or hydroxypropyl methylcellulose [14, 15] . A high level of endoscopic expertise is needed for these methods, and experience in their use is currently very limited. The future of endoscopic resection of these lesions may employ a combination of endoscopic resection techniques to remove lesions en bloc versus removal of residual neoplastic tissue.
Endoscopic Ablative Therapy
There are several ablative techniques for the treatment of both Barrett's esophagus with dysplasia and intramucosal carcinoma. These include photodynamic therapy (PDT), cryotherapy, argon plasma coagulation (APC), heater probe treatment, and radiofrequency ablation (RFA). These are used either alone or as adjunctive therapy to mucosal resection. PDT is used most successfully for the ablation of high-grade dysplasia in Barrett's esophagus [16, 17] in combination with resection or a second ablative modality. Strictures can form in up to one third of patients. However, robust data for the use of PDT in the management of early esophageal cancer is lacking and consists mostly of case reports and series. One series of 38 patients with T1 squamous cell carcinoma demonstrated an 87 % complete eradication rate, coupled with an 18 % recurrence rate [18] . Cryotherapy has also been used in combination with resection to treat high-grade dysplasia and intramucosal carcinoma in 27 patients, with a 90 % rate of elimination of the lesion or downgrading of disease stage [19] . Cryotherapy is reported to cause chest pain, dysphagia, and perforation in rare cases [20] . There is limited data to support the use of the other ablative modalities of APC, RFA, and heater probe as monotherapy for cure of intramucosal carcinoma. This may be due to the fact that these modalities are superficial in their effect and, therefore, may not provide curative therapy.
Outcomes of Endoscopic Treatments
The understanding of the efficacy and long-term outcomes for endoscopic management of superficial esophageal cancer is still in development, as data comes primarily from observational series with small sample sizes from a few centers of expertise, with limited duration of follow-up. Overall, EMR can successfully eradicate 91 to 98 % of T1a cancers [21] [22] [23] [24] [25] [26] . One of the largest series [27] of 349 patients with Barrett's esophagus and either high-grade dysplasia or intramucosal adenocarcinoma treated with endoscopic resection, Fig. 1 Endoscopic mucosal resection of nodular Barrett's esophagus photodynamic therapy, or both found a complete response rate in 96.6 % in patients. There was a 21.5 % recurrence rate, but no mortality secondary to esophageal cancer. Surgery was required in 3.7 % of patients after failure of endoscopic therapy. ESD is best used for areas of dysplasia >2 cm or T1b submucosal lesions, and data from Japan suggests en bloc resection rates of 100 % with 80 % rates of cure [28, 29] . A recent systematic review and meta-analysis [30] of 21 studies (1152 patients and 1240 lesions) found that the rate of en bloc resection with margins histologically free of disease (R0 resection) was 90 % (95 % CI 87-93 %). Comparisons of ESD and EMR have demonstrated higher en bloc resection rates for early squamous cell carcinoma (100 versus 53.3 %, p<0.05), as well as lower local recurrence rates (0.9 versus 9.8 %, s< 0.05) with ESD [29] . One study [31] found complete endoluminal remission rates of 87 % when endoscopic resection was paired with ablation therapy for tumors with shallow penetration into the submucosa, with a long-term remission rate of 90 %. Complete remission was higher for lesions smaller than 2 cm (97 versus 77 % for large or multifocal lesions).
Estimates for 5-year recurrence rates range from 3 to 32 % of patients depending on the method of endoscopic treatment used and duration of follow-up [32•, 33-35] . One of the largest studies with 1000 patients evaluating the efficacy of endoscopic resection in patients with early esophageal adenocarcinoma demonstrated a long-term complete remission rate of 96 % over 57 months [36•] . Of the patients, 3.7 % had surgery when endoscopic therapy failed. Patients of 140 (14.5 %) had recurrence of cancer or metachronous lesions, which were treated successfully with endoscopic re-treatment in 115 patients. Major complications that were managed conservatively occurred in 1.5 % of patients. The calculated 10-year survival rate of patients who underwent endoscopic resection was 75 %. Risk factors associated with recurrence [37] include piecemeal resection, multifocal or large lesions, long-segment Barrett's esophagus, lack of adjuvant mucosal ablative therapies (such as APC) of Barrett's esophagus after complete remission [38] , and greater than 10 months' time to achieve complete remission. Incomplete or unsuccessful lifting of the tumor with submucosal injection is a predictor of deep invasion and that the lesion is likely not amenable to endoscopic removal. Although recurrence rates are generally reported to be low, it is recommended that patients remain in a scheduled surveillance program. Five-year survival rates range from 76 to 100 %. Survival is lower in patients with multiple or circumferential lesions or with lesions that extend beyond the lamina propria. Retrospective series [39] have shown that in patients who undergo complete (R0) resection, 5-year use-specific survival was 100 % with no recurrences or metastases.
Complications of EMR include bleeding, perforation, and fibrosis and stricture formation at the site of resection. The most common of these is stricture formation, which is reported to occur in up to 37 % of cases, compared to post-resection bleeding in about 10 % of patients and perforation rates of less than 3 %. When they occur, strictures can be managed with endoscopic dilation.
The most common complications for ESD include stenosis or stricture formation (5 to 17 %), perforation (1 to 5 %), bleeding, and mediastinal emphysema [24, [28] [29] [30] 40] .
The decision for whether a patient should undergo endoscopic therapy for early esophageal cancer is a multifaceted one, depending not only on lesion-specific factors but also on patient-specific factors such as age and comorbidities contributing to surgical risk. When compared to surgical resection for the treatment of early-stage esophageal cancer, endoscopic therapy has comparable cancer-free survival and lower morbidity [41] . Specifically, analyses of 742 patients in the SEER database demonstrated equivalent long-term survival (56 versus 59 months, p=0.41) between endoscopic treatment and surgery [42] . Though this study did not differentiate between modalities of endoscopic therapies, a single-center report by Zehetner et al. found similar survival at 3 years and significantly lower morbidity (0 versus 39 %, p<0.0001) in patients treated with the combination of endoscopic resection and ablation compared to surgical resection [43] . Larger and more recent studies have corroborated equivalent esophageal cancer-specific survival outcomes between endoscopic resection and esophagectomy at years 2 and 5 of follow-up [44•, 45] . Overall, endoscopic therapy for early esophageal adenocarcinoma associated with Barrett's esophagus is also more cost-effective compared to that of surgical resection, with less expense and comparable quality-adjusted life years [46] . These studies suggest that lesions meeting criteria for early-stage esophageal cancer can be treated with endoscopic resection and ablative methods with curative intent and incur less morbidity and equivalent long-term survival compared to that of surgery.
Conclusion
Esophageal cancer carries a poor prognosis, and therefore, aggressive treatment of early-stage esophageal cancer confined to the mucosa is imperative. EMR and ablation offer possibilities for cost-effective, curative treatment of earlystage esophageal cancer. Accurate staging with EUS and FNA (when indicated) is necessary to determine whether a lesion can be considered for endoscopic treatment. EMR can be used for curative treatment of lesions confined to the mucosa; lesions invading the submucosa may require ESD or more radical resection. Ablative methods such as APC, heater probe, cryotherapy, or RFA are generally not effective for cure when used as monotherapy; however, they may have a role in ablation of residual high-risk tissue when combined with mucosal resection. Further research exploring specific combinations of ablative modalities with mucosal resection may shed light on the most effective treatment plan.
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